Objective: Superficial siderosis (SS) is a neurodegenerative condition due to the long-term effects of hemosiderin deposition on the surface of the brain, cerebellum, brainstem, and spinal cord. SS symptoms include sensorineural hearing loss, ataxia and upper motor neuron signs. SS was diagnostically evasive until magnetic resonance imaging (MRI) became available. As the detection of SS improved, case studies have become more prevalent. To our knowledge, however, this is the first report of SS detailing a comprehensive neuropsychological assessment. Method: The current study presents a right-handed female in her early 60s, with a university level of education, who was diagnosed with SS. Results: Her neuropsychological profile showed impairment across multiple domains, including memory and executive function, with consistent behavioral findings. The results from a comprehensive neuropsychological assessment include dementia and a cerebellar cognitive affective syndrome. Conclusions: Neuropsychological evaluation of a patient with new cognitive impairment in combination with unexplained hearing loss, gait disorder, or myelopathy should lead to a referral for MRI that includes techniques sensitive for iron deposition, in order to rule out SS.
Introduction
Superficial siderosis (SS) is a disorder of the central nervous system (CNS) caused by chronic or intermittent bleeding into the subarachnoid space, typically at the level of the spine (Kumar, 2010) . Thirty-five percent of cases are idiopathic, 21% are caused by a CNS tumor or tumor resection, 13% result from identifiable head or spine trauma and the remaining 31% of cases are caused by a variety of conditions that are associated with subarachnoid hemorrhage (Levy, Turtzo & Llinas, 2007) . In each case, blood accumulates in the cerebrospinal fluid, where it breaks down into hemosiderin, which deposits on the surface of the CNS. The regions most vulnerable to hemosiderin deposition are those with the greatest exposure to blood-containing cerebrospinal fluid including the superior vermis, crest of the cerebellar folia, basal frontal lobe, temporal cortex, brainstem, spinal cord, nerve roots, and cranial nerves I and VIII (Moreira et al., 2011) . The deposition of hemosiderin in these locations results in gliosis, neuronal loss and demyelination (Fearnley, Stevens, & Rudge, 1995) .
Although SS was initially described over a century ago (Hamill, 1908) , the diagnosis can now be readily made pre-mortem using magnetic resonance imaging (MRI; Levy et al., 2007) . Particular MRI acquisition methods, such as gradient echo T2-and T2*-weighted images, have a high sensitivity for hemosiderin deposition; therefore the accuracy and sensitivity of diagnosis has dramatically improved (Kumar, 2010; Levy et al., 2007; Yamamoto, Yamamoto, & Kuroki, 2012) . If a dural tear is detected as the presumed cause of chronic hemorrhage and SS, then it can be sealed through surgical intervention (Egawa et al., 2013; Lekgabe & Kavar, 2012; Shih, Yang, Batjer & Liu, 2009) . A recent case report described clinical and MRI improvement in a man with SS treated with the lipid-soluble iron-binding agent, deferiprone (Levy et al., 2007) .
Patients with SS typically have progressive neurological sequelae (Fearnley et al., 1995) . The disease can remain latent, from the time of initial bleeding to the development of symptoms, from 4 months up to 30 years (Moreira et al., 2011) . The most common symptoms include a triad of sensorineural hearing loss (95%), cerebellar ataxia (88%), and myelopathy (76%; Fearnley et al., 1995; Levy et al., 2007) . Importantly, a symptom described in early reports of SS, but only rarely the focus of discussion in the literature, is cognitive decline (e.g., Cheng, Chen, Wang, & Lin, 2011; Stevens, Petersen, Grodd, Poremba, & Dichgans, 1991; Tomlinson & Walton, 1964) . To date, there exist only a few reports of the neuropsychological profile of SS and most of these are based on an abbreviated battery of assessment measures.
One of the first, and largest, reports on neuropsychological aspects of SS was by van Harskamp, Rudge, and Cipolotti (2005) , who documented cognitive, social, and emotional processing in six patients with SS. Their neuropsychological assessment battery included the Wechsler Adult Intelligence Scale, the National Adult Reading Test, Recognition Memory Tests (for words and faces), the Rey Osterrieth Complex Figure Test , Trails A and B, Hayling Sentence Completion, and a modified Wisconsin Card Sorting Test. They found that general intellectual functioning was preserved, as was speed of information processing. In contrast, they found significant impairments in speech production, visual recall, and executive functioning. SS patients were also noted to have difficulty on a measure of theory of mind.
In 2009, Uttner and colleagues presented a 65-year-old female with SS. They observed severe deterioration of verbal and nonverbal memory, information processing speed and verbal fluency as measured by the Corsi-Block Span, Digit Span, and a 16-item Verbal Learning Test, the Doors Test, Stroop Test, and the Controlled Oral Word Association Test.
Le Scanff, Vighetto, Gedeon, Bonnefoy, and Krolak-Salmon (2009) described two patients who presented with dementia as the primary manifestation of SS. The authors did not detail the neuropsychological test battery employed, but did note that standardized neuropsychological evaluations revealed impaired attention, executive functioning, and visuocontructive skills. The authors concluded that dementia could be a sign of SS, which can be accurately diagnosed via neuroimaging.
Most recently, Dubessy and colleagues (2012) described a 75-year-old man with a Mini Mental State Examination score of 16 (with impaired language, praxis and executive functions). The authors estimated that the findings of dementia were secondary to SS and concluded that dementia is "probably underdiagnosed" in this group.
There is limited information regarding the neuropsychological profile of SS. Existing case studies have utilized a narrow neuropsychological test battery with mixed findings, which made a priori hypotheses difficult. To the best of our knowledge, the present study provides the most comprehensive assessment to date.
Method
The patient and her family both provided informed consent for publication of the following case. The current study was also approved by the local Research Ethics Board.
Diagnosis of Superficial Siderosis and Initial Symptoms
The patient was a right-handed female in her early 60s, with a university degree. She had retired from an occupation that required a high level of organization and communication skills. The patient presented with a severe interscapular pain, nuchal rigidity, and headache when she was in her early 30s. Blood was found in the cerebrospinal fluid; however, a four vessel catheter cerebral angiogram showed no evidence of aneurysm or other abnormality. Her symptoms eventually resolved and she remained asymptomatic until she was in her fifties and began to experience progressive hearing loss and unsteady gait. MRI of her head revealed hemosiderin deposits spanning the brainstem, cerebellum, thalami, and bilateral cortex extending to the Sylvian fissures consistent with SS ( Fig. 1) .
Initial studies failed to identify a source of bleeding. She was subsequently referred to a tertiary care facility and underwent a series of spinal neuroimaging studies, which demonstrated a dural tear and cerebrospinal fluid leak at the C7-T1 level. The cerebrospinal fluid contained red blood cells and bilirubin. It was concluded she might have been bleeding, either continuously or intermittently, for over 30 years.
During the 4 years of observation, following initial development of hearing loss and impaired balance, these symptoms progressed and she developed bilateral nystagmus, impaired fine motor coordination and dysarthria. Along with the development of these secondary symptoms, she also reported memory difficulty at the time of diagnosis, which was progressive. She was referred for neuropsychological assessment with a diagnosis of SS (without any comorbid diagnoses) to determine her level of cognitive function and ability to function independently.
An intake interview and collateral interview were completed to gather information regarding the patient's level of functioning. Given that the literature to date did not include a comprehensive neuropsychological assessment of a case of SS, a comprehensive battery was chosen that would capture the domains of intellectual functioning, attention and processing speed, language, memory, executive functioning, visual spatial skills, and motor-sensory skills. Measures of personality and mood were also administered to allow for interpretation of the test scores with the context of emotional well-being. As per routine, measures of test engagement or effort were administered at different points in time during two testing sessions.
Results

Neuropsychological Assessment
Subjective cognitive symptoms. The patient had been experiencing memory difficulties for 2 years. She required more time to complete routine tasks and often needed to re-check her performance. She also reported imbalance and hearing loss. She denied concerns regarding her mood.
The patient permitted interviews with significant others. The collateral information was considerably disparate from the patient's self-report. In particular, collateral information suggested substantial decline in the patient's short-term and prospective memory. For example, the patient was noted to forget whether she had eaten, which seemed to correlate with recent unintentional weight loss. Dependence for all activities of daily living (e.g., financial management, medical management, self-care, and meal preparation) was also noted. Collateral report revealed that, due to functional deficits, she had been residing with a family member for 2 months, a fact that she was unable to recall during the intake session. Concern regarding her progressive balance deterioration and risk for falls was reported. Collateral history did not raise concerns about her mood, although intermittent irritability was acknowledged. She was noted to quickly forget reasons for her distress and return to her baseline positive mood and affect.
Patient Presentation
The patient ambulated with the aid of a walker and her gait was unsteady. No evidence of tremor or nystagmus was identified. Despite reported hearing loss on the left side, she was able to communicate effectively and respond to questions. Repetition of test instructions was required to accommodate memory and speech deficits. Her speech was fluent and void of word-finding deficits.
The patient's presentation included multiple behavioral indicators of executive dysfunction. For example, she exhibited an impulsive approach to testing and spoke uninhibitedly about personal relationships. She presented as younger than her biological age, with interactions that were overly familiar and casual, immature language. Her behavior was incongruent with the social situation. For example, she requested utensils from a passerby while sitting in the waiting room of the treatment office and made frequent requests for food and beverages during the testing session. Marked perseverative tendencies, limited insight, and social disinhibition were noted. Disorientation (e.g., to location of her purse and walker) appeared related to profound memory deficits. The patient did not meet the criteria for delirium. She was attentive during the intake and evaluation and no alterations in level of arousal were noted. No evidence of hallucinations or delusions was identified. Consistent with collateral report, bouts of irritability were short-lived. In general, she was cooperative, pleasant, and able to communicate effectively. Good rapport was easily established and maintained. Table 1 indicates the psychometric measures administered. The presented T scores are based on Canadian norms based on age, sex, and education wherever possible (otherwise US norms were applied). Generally, percentile scores at or below the 1st percentile (T ≤ 28) were considered impaired, scores ranging from the 2nd to 8th percentile (29 ≥ T ≤ 36) were considered borderline, scores ranging from the 9th to 24th percentile were considered low average (37 ≥ T ≤ 42), and scores ranging from the 25th to 74th percentile (43 ≥ T ≤ 56) were considered average. Table 1 shows her scores for the individual tasks. Review of the scores presented in Table 1 , reveals variable performance on measures of engagement in testing. Notably, many engagement measures administered to this patient are based on a forced-choice recognition paradigm. While the patient did not meet the standard for valid responding on some of these tests, she did not perform at a chance or below-chance level.
Comprehensive Test Battery
Psychometric Test Results
Her performance was deemed to reflect the severity of her memory deficit, rather than poor effort during the assessment. Her neuropsychological profile shows impairment across multiple domains. In particular, her performance on indices of perceptual reasoning and processing speed fell below her estimated level of premorbid function and was suggestive of a decline in intellectual functioning. In terms of processing speed, her accuracy was greater than her speed. She was not oriented to place (e.g., stating that she was at someone's home rather than the hospital) or time (e.g., stating that it was July rather than November). Impaired memory for both visuospatial and auditory information was noted. On administration of the California Verbal Learning Test -II, the patient demonstrated an encoding deficit and presented with a blank look when asked to recall items, noting, "the first list got erased." On the Rey Complex Figure Test , the patient recalled a circle with three dots, which was reproduced on recall as a face with two eyes and a nose. Evidence of executive dysfunction included impaired deductive reasoning and perseveration. Her performance on executive tasks was highly consistent with her behavioral presentation. Qualitatively, she was perseverative in her speech, impulsive, and demonstrated impaired insight regarding her behavior and cognitive functioning. Her performance also fell in the borderline or impaired range on measures of processing speed, visual reproduction, confrontation naming, semantic fluency, and speeded manual dexterity. In particular, speeded manual dexterity (Grooved Pegboard) was impaired, bilaterally and the task was discontinued for her left hand after 5 min as a result of her slow speed. She demonstrated impulsivity on the grooved pegboard task, as she began reaching for the pegs prior to being given instructions. She had difficulty grasping the task instructions and required reminding to use only one hand at a time. When attempting the task with one hand, she used the table or her chest to assist her. She did not recognize that all of the pegs were the same and frequently picked one up and then exchanged it for another commenting that "this one doesn't fit" or "it's too big." In terms of other specific observations, during administration of the Boston Naming Test, the patient either described the item (e.g., said what the item was used for) or provided a semantically related response (e.g., naming the incorrect animal); phonemic cues did not significantly improve recall. Markedly, on administration of the Trail Making Test A, the patient became stuck at one point, which increased her time to completion and may explain her lower performance relative to part B of the test. Of note, ideomotor apraxia and hearing difficulties were not deemed to have a significant affect on the patient's presentation or neuropsychological profile; rather, slow processing speed, memory deficits, and profound executive dysfunction, were identified as the most prominent areas of compromise. Despite the aforementioned areas of compromise, no evidence of significant impairment in working memory, visual construction, and expressive vocabulary was identified. Performance in these areas fell well within normal limits. Consistent with her self-report, she endorsed normal levels of depression and anxiety.
Discussion
Case Summary
This report describes a woman in her early 60s with a history of SS and memory impairment. A neuropsychological evaluation was requested to assess her current level of cognitive functioning and formulate recommendations for supervision.
Case Conclusions
Overall, the patient's behavioral presentation and neuropsychological profile were considerably more compromised than expected, given the existing literature on SS. This was clearly evident by the patient's lack of insight regarding her living situation at the time of the assessment. Given her dependence for activities of daily living (e.g., cooking, bathing, managing medications and finances), decline in general intellectual function, and multiple areas of neuropsychological decline (e.g., impaired memory, confrontation naming, executive functioning), she was deemed to meet the criteria for a diagnosis of dementia. Recommendations for 24-hr supervision and assistance with decision-making (i.e., medical and financial) were provided. General cognitive strategies, such as maintaining a structured routine and keeping written notes of important tasks, were discussed at feedback. Subsequent to her neuropsychological assessment, the dural leak was surgically repaired.
Case in the Context of the Literature
The current case study on SS documents the results of a comprehensive neuropsychological examination. Although some aspects of the patient's cognitive profile remained within normal limits, the areas in which she scored below expected levels are largely consistent with the available literature. In particular, findings of impaired visual and verbal memory are consistent with the findings of Uttner, Tumani, von Arnim, and Brettschneider (2009) and van Harskamp and colleagues (2005) . Decreased perceptual reasoning, attention and processing speed are consistent with observations by Le Scanff and colleagues (2009) and Uttner et al. (2009) , whereas poor language and motor skills support the report by Dubessy et al. Executive dysfunction is the most commonly identified cognitive impairment described in the SS literature (Dubessy et al., 2012; Le Scanff et al., 2009; van Harskamp et al., 2005; Uttner et al., 2009 ). While our patient exhibited compromised deductive reasoning, the most prominent evidence of executive dysfunction was noted in her behavior. In particular, she exhibited markedly compromised insight, interpersonal skills, and situational skills, as well as strong perseverative tendencies, impulsivity, and disorganization. Although the patient did not exhibit attention difficulties, our findings remain highly consistent with others, who have proposed cerebellar cognitive affective syndrome as a possible explanation for cognitive symptoms in SS (Uttner et al., 2009; van Harskamp et al., 2005) . Cerebellar cognitive affective syndrome was first described by Schmahmann and Sherman (1998) , who performed neuropsychological assessments on 20 patients with localized cerebellar damage. They identified marked changes in behavior as the most prominent presenting features in a subset of patients with cerebellar damage involving the posterior lobe and vermis. Their results revealed impairment in executive functioning (i.e., planning, set-shifting, verbal fluency, abstract reasoning, and working memory), including personality change with disinhibited and inappropriate behavior. Additionally, visuospatial organization, memory, and language impairments were observed in this group. The authors suggested that these deficits result from disruption of the cerebellar modulation of neural circuits that link prefrontal, posterior parietal, superior temporal and limbic cortices with the cerebellum. Since the original formulation of cerebellar cognitive affective syndrome, other articles have lent support to the idea that the cerebellum is involved in cognitive and affective functions (e.g., Baillieux et al., 2010; Baillieux, De Smet, Paquier, De Deyn & Mariën, 2008; Gordon, 2007; Tavano & Borgatti, 2010) . The behavioral and cognitive deficits reported in patients with SS are consistent with the cerebellar pathway damage observed in cerebellar cognitive affective syndrome. The patient described in the current study did not demonstrate some of the common deficits associated with cerebellar cognitive affective syndrome. In the current case, it is likely that partial cerebellar affective syndrome plus involvement of other cortical and subcortical regions may be present (e.g., the radiology report noted hemosiderin deposits in the medial temporal lobes and midbrain). In particular, given the domains of intact performance (e.g., passive attention) in combination with the MRI findings suggest that posterior frontal and parietal regions are relatively spared compared to prefrontal-striatal-cerebellar and temporal-striatal-cerebellar connections.
In the current case study, given that the patient presented with significant impairment in multiple domains of cognitive function, as well as an observable decline in function noted by collateral informants and difficulties performing activities of daily living that could not be otherwise explained, she was diagnosed with dementia. The findings in the current case are congruent with an early review by Fearnley and collagues (1995) , which reported an association between SS and dementia in up to 24% of SS cases. Comorbidity of SS and dementia is also consistent with previous case studies (Dubessy et al., 2012; Le Scanff et al., 2009 ). Additionally, Zonneveld et al. (2014 , reported that 2.1% of patients in a memory clinic setting met the diagnostic criteria for SS. Whether dementia is a consequence of the advanced stages of SS is yet to be determined. Our patient developed symptoms of hearing loss and imbalance 10 years before neuropsychological assessment and was thought to have likely suffered the onset of chronic cerebrospinal fluid hemorrhage 30 years earlier. Further research evaluating the risk factors for the development of dementia in patients with SS is required.
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